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(54) GATE DOOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device capable 
of halving the storage space of the whole gate door in 
the device opening or closing a plurality of gate door 
bodies. 

SOLUTION: This device has a child gate door single 
body 10 inside a parent gate door single unit 3 moving 
on a pair of tracks 2 and 2 installed on a predetermined 
place, and this child gate door single body is able to 
move in contact with the tracks 7 and 7 provided at the 
right and left inner side portions of the tracks and parent 
gate door single body. 
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JP 2003-151535 (translation-in-part ) 
M ELECTROCHEMICAL DEVICE' 7 

Claims 

1. An electrochemical device comprising: an electrode 
assembly formed by alternately stacking a positive electrode 
including a positive electrode current collector and a 
positive electrode active material formed on at. least one 
surface of the positive electrode current collector and a 
negative electrode including a negative electrode current 
collector and a negative electrode active material formed on 
at least one surface of the negative electrode current 
collector, with an electrolyte interposed therebetween, the 
positive electrode and the negative electrode each having a 
lead; and an outer jacket housing the electrode assembly, 
wherein 

the positive electrode and/or the negative electrode 
has an electrically insulating layer on a part of a surface 
thereof. 

2. The electrochemical device in accordance with 
claim 1, wherein the positive electrode and/or the negative 
electrode has the electrically insulating layer on a part of a 
surface thereof, the part facing an end portion of another 
electrode adjacent thereto. 

3. The electrochemical device in accordance with 
claim 1 or 2, wherein the electrically insulating layer is 
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made of an organic resin. 

4 . The electrochemical device in accordance with any 
one of claims 1 to 3, wherein the electrically insulating 
layer is made a polyolef in-based organic resin. 

5. The electrochemical device in accordance with any 
one of claims 1 to 4, wherein the electrolyte has a separator. 

6. The electrochemical device in accordance with any 
one of claims 1 to 5, wherein the electrochemical device is a 
secondary battery. 

7. The electrochemical device in accordance with any 
one of claims 1 to 5, wherein the electrochemical device is an 
electric double layer capacitor. 

[0018] 

The electrically insulating layer is . formed on either 
one of the positive electrode and the negative electrode, 
which serve as electrodes, or on both of the positive 
electrode and the negative electrode, at a part of a surface 
of each electrode. FIGS. 3 and 4 show a partial sectional 
view of an electrode portion of a lithium secondary battery of 
this embodiment. Although it is possible to suppress the 
defects in an electrolyte 35, as shown in FIG. 3, by forming 
an electrically insulating layer 37 on either one of a 
positive electrode 33 in which a positive electrode active 
material 331 is formed on the surface of a positive electrode 
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current collector 332 and a negative electrode 34 in which a 
negative electrode active material 341 is formed on the 
surface of a negative electrode current collector 342, at a 
part of a surface of each electrode, it is preferable to form 
the electrically insulating layer, as shown in FIG. 4, on both 
of a positive electrode 4 3 in which a positive electrode 
active material 431 is formed on the surface of a positive 
electrode current collector 432 and a negative electrode 44 in 
which a negative electrode active material 441 is formed on 
the surface of a negative electrode current collector 4 42, at 
a part of a surface of each electrode. The latter 
configuration can effectively suppress the defects in an 
electrolyte 45 and effectively prevent the short-circuiting 
between the electrodes. 
[0019] 

Further, in the process of integrally connecting in 
parallel the leads connected to the electrodes of the same 
polarity after the electrodes are stacked, the end portions of 
the electrodes are deformed. It is preferable. therefore that 
the electrically insulating layer is formed on a portion of 
the surface of the positive electrode and/or the negative 
electrode, the portion facing the end portion of another 
electrode adjacent to this electrode. With such a 
configuration, even when the electrodes are deformed, the 
electrically insulating layer can prevent the short-circuiting 
between the electrodes. 
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[0029] 

There is no particular limitation on the type of the 
material constituting the electrically insulating layer as 
long as the material is not electrically conductive and will 
not react with or dissolve in the materials constituting the 
electrodes, the electrolyte, and the like. In particular, an 
organic resin is preferred in terms of the ease of its 
formation and processing. The organic resin is easy to form 
by means of coating, adhering, heat fusing, and the like, and 
because of its flexibility, is unlikely to cause cracking, 
enabling an effective prevention of short-circuiting. In 
addition, since the organic resin can be easily folded or cut 
even after the formation, the organic resin is excellent in 
ease of handling and easy to process. 
[0030] 

As the organic resin, it is possible to use 
polyvinylidene fluoride, polyethylene, polypropylene, 
polytetrafluoroethylene, cellulose, polystyrene, silicone, 
epoxy, polyester, polyvinyl chloride, polyurethane, styrene 
butadiene rubber, polyimide, and the like. In the case of 
using an organic resin, the organic resin may be one 
appropriately selected from these materials depending on the 
materials constituting the electrodes, the electrolyte, and 
the like. Among these, polyolefin-based organic resins, such 
as polyvinylidene fluoride, polyethylene, and polypropylene, 
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are preferred because these resins have a low reactivity with 
electrolyte and have little or no solubility to electrolyte . 
For this reason, using a polyolef in-based organic resin can 
provide an excellent insulating property. Alternatively, an 
organic resin in which a part of the molecular chain is 
modified with a group such as carboxylic acid in order to 
improve the adhesion may be used. 

[0036] 

In the case of using a separator for the electrolyte, 
it is possible to use a material containing polyolefin or a 
porous film made of a material containing polyolefin. 
Specifically, it is possible to use a uniaxially or biaxially 
stretched film of polyethylene, polypropylene, or a lamination 
or a mixture thereof. It is preferable to use a material or a 
configuration having a shutdown function that works when the 
battery temperature is abnormally elevated because of 
overcharge, external or internal short-circuit, and other 
reasons, in such a way that the separator is partially melted 
to interrupt the flow of current. Further, a separator 
retaining a polymer electrolyte that will be gelled upon 
impregnation with a liquid electrolyte may be used. As the 
polymer, polyacrylonitrile, polyethylene glycol, 
polyvinylidene fluoride (PVDF) , polyvinyl pyrrolidone, 
polytetra ethylene glycol diacrylate, a copolymer of an 
ethylene oxide-containing acrylate and a polyf unctional 
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acrylate, polyethylene oxide, polypropylene oxide, a copolymer 
of vinylidene fluoride and hexaf luoropropylene, and the like 
may be used. 

[0049] 

The electrically insulating layer was formed on an 
end portion of the electrode, namely, a portion to be a 
boundary between the electrode coating liquid applied and 
unapplied portions. First, a coating liquid for electrically 
insulating layer prepared by mixing polyvinylidene fluoride 
(PVDF; KynarFlex2801 available from Elf Atochem) and methyl 
ethyl ketone in a weight ratio of 10:90 was applied onto each 
of the boundaries between the electrode applied and non- 
applied portions on the positive and negative electrode sheets, 
to be 3 mm in width and 5 ]am in thickness. Separately from 
this, the coating liquid for electrically insulating layer was 
applied onto a glass substrate and then dried. The resultant 
electrically insulating layer was evaluated for porosity using 
Archimedes method. The result showed that the porosity of the 
electrically insulating layer was 5%. 
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